Background/Aims: The present study aimed to determine the role of cystatin C as a prognostic factor for acute kidney injury and survival in cirrhotic patients. Methods: The study investigated 53 liver cirrhosis patients. The renal function was evaluated by serum creatinine, serum and urine cystatin C, and 24-hour creatinine clearance on admission. Acute kidney injury was defined as a serum creatinine level exceeding the normal range (>1.2 mg/dl) and an increase of at least 50% from the baseline value. Multivariate analysis, receiver operating characteristic curve, and survival analysis were used to investigate prognostic factors for acute kidney injury and survival. Results: Nine of the 53 cirrhotic patients (17.0%) developed acute kidney injury within 3 months. Both serum creatinine and cystatin C were predictive factors for acute kidney injury in univariate analysis, with a diagnostic accuracy of 0.735 (95% confidence interval (CI), 0.525-0.945; p=0.028) for serum cystatin C and 0.698 (95% CI, 0.495-0.901, p=0.063) for creatinine. In multivariate analysis, only serum cystatin C was an independent risk factor for acute kidney injury. The sensitivity and specificity of a serum cystatin C level of >1.23 mg/L to acute kidney injury were 66% and 86%, respectively. Serum cystatin C was positively correlated with the Model for End-Stage Liver Disease (MELD) and MELD-Na scores (r=0. 346 and p=0.011, and r=0.427 and p=0.001, respectively). Comparison of the survival rates over the observation period revealed that a serum cystatin C level of >1.23 mg/L was a useful marker for short-term mortality (p<0.001). Conclusions: The accuracy in predicting acute kidney injury and short-term mortality was higher for a serum cystatin C level of >1.23 mg/L than for the serum creatinine concentration in patients with cirrhosis. (Korean J Hepatol 2010;16:301-307)
INTRODUCTION
Acute kidney injury is frequently observed in patients with liver cirrhosis, and is associated with infection, the use of diuretics, reduced effective circulating volume and hepatorenal syndrome. 1 In cirrhotic patients, acute kidney injury is particularly dangerous because it poses an obstacle to treatment and has a direct correlation to mortality. In the case of an early-stage decline in renal function, it is possible to achieve recovery, or at least delay the deterioration of renal disease, with active treatment. However, advanced renal failure results in a very high mortality rate. 1,2 Therefore, recognizing renal injury during its early stage and beginning aggressive treatment is likely to delay the deterioration of renal function and improve prognosis.
The most frequently used clinical markers of renal failure include serum creatinine, creatinine clearance, and glomerular filtration rate (GFR) measured by dynamic methods. 3, 4 Unfortunately, in cirrhotic patients, serum creatinine measurements must be interpreted with caution because they can be detected within normal ranges by poor dietary intake, loss of muscle mass, and renal tubular secretion. 5 Acute kidney injury is not accompanied by increase in serum creatinine simultaneously in patients with liver cirrhosis and ascites. 6, 7 Several early markers of renal dysfunction have been proposed, including urine neutrophil gelatinase-associated lipocalin, kidney injury molecule-1, and interleukin-18. [8] [9] [10] However, these markers require complicated test procedures, as well as additional research regarding their efficacy.
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Cystatin C is known to be a superior marker of renal function than creatinine, especially for cirrhotic patients whose muscle mass tends to be smaller, because it is produced not just in muscle cells but in all nucleated cells.
2,12
Gerbes et al. found that serum cystatin C is more effective for detecting kidney injury in advanced cirrhotic patients than serum creatinine. 2 There is also a study that reported the efficacy of cystatin C as an early biomarker for predicting the occurrence of acute kidney injury. 13 Others have proposed the possibility of using serum cystatin C in patients with diabetes or heart failure as a prognostic factor enabling the early detection of mild renal dysfunction and the prediction of mortality. 14, 15 However, there are only a limited number of studies that examine the possibility of using cystatin C as an early marker for predicting acute kidney injury and survival in patients with liver cirrhosis.
Therefore, this study observed the changes in renal function in patients with liver cirrhosis to evaluate the role of cystatin C as a prognostic factor for acute kidney injury. It also examined the efficacy of cystatin C measurements in predicting patient survival rates. or acute renal failure, as well as those undergoing hemodialysis or peritoneal dialysis due to chronic kidney disease, were excluded from the study. Follow-ups were performed every three months for patients with compensated liver cirrhosis, and every 1-2 months for those with decompensated liver cirrhosis. This study was approved by institutional review board (IRB) in Eulji University Hospital.
PATIENTS AND METHODS

Patients
Methods
To evaluate the liver function of cirrhotic patients, a range of e-GFRMDRD (mL/min/1. The following three formulae were used to calculate the estimated GFRs (e-GFRs) using serum cystatin C:
e-GFRHoek (mL/min)=80.35/serum cystatin C-4.32. were excluded from analysis.
Statistical analysis
All statistical analysis was performed using spss version 12.0 k (SPSS Inc., Chicago, IL, USA). Data were presented as mean± expressed using a receiver operating characteristic (ROC) curve.
Reference values were defined the maximum sum of sensitivity and specificity with over 0.6 of each value. Cross tabulation analysis was used to derive the sensitivity, specificity, positive predictive value, and negative predictive value of the reference values. Survival analysis was used to compare the cumulative incidence of acute kidney injury and mortality rate during the observation period. Logistic regression test was performed to identify independent factors impacting acute kidney injury and mortality. A result was deemed statistically significant when p<0.05. 
RESULTS
Baseline characteristics
Serum and urine cystatin C in patients with liver cirrhosis
Creatinine clearance and the e-GFRMDRD showed a negative correlation with serum cystatin C [r=-0.532 (p<0.001) and r=-0.691 (p<0.001), respectively], but had no correlation with urine cystatin C and urine cystatin C/urine creatinine ratio Child-Pugh score (p=0.5).
Serum cystatin C and acute kidney injury
Nine out of the 53 patients with liver cirrhosis developed acute kidney injury during the first three months of follow-up. The e-GFRMDRD did not yield noticeable differences between the groups with and without acute kidney injury (p=0.18), but the formulae utilizing serum cystatin C, i.e., e-GFRHoek and GFRLarsson, differed significantly between two groups (p=0.03
and p=0.03, respectively).
To investigate the efficacy of serum creatinine and serum Creatinine Cystatin C A multivariate logistic regression analysis was performed to discover the factors impacting acute kidney injury during the first three months. Among the variables, which included age, serum creatinine, and serum cystatin C, only serum cystatin C was found to be a significant factor influencing acute kidney injury (Model 1). When the prothrombin time, albumin, and bilirubin in Model 1 were adjusted, serum cystatin C remained an independent prognostic factor (Model 2). Even after correction using the MELD-Na and Child-Pugh scores, serum cystatin C was found to be an independent risk factor for acute kidney injury (Model 3) (Table 3) . Serum cystatin C was also the only significant factor for predicting acute kidney injury during whole observation period, among the variables of age, serum creatinine, serum cystatin C, prothrombin time, albumin and bilirubin (Table 4) . concentrations compared to the survival group. There was no difference between the average serum creatinine concentrations of the death group and the survivor group (Table 5) . In multivariate analysis, serum cystatin C and age showed positive correlation with mortality (p=0.029 and p=0.006, respectively).
When the cumulative mortality rate for the whole observation period was determined by using serum cystatin C (>1.23 mg/L) serum andcreatinine (>0.9 mg/dl), a difference was found only in the case of serum cystatin C (p<0.001 vs. p=0.140, respectively) (Figure 2A, B) .
DISCUSSION
Our study showed that serum cystatin C offers a higher level of accuracy in predicting acute kidney injury. Serum cystatin C also displayed a superior discriminating capacity than serum creatinine in predicting short term survival rates.
Renal injury is directly linked to the mortality rate of cirrhotic patients. Moreover, patients with advanced liver disease accompanied by ascites frequently develop hepatorenal syndrome. Thus, there is active ongoing research on the important role played by early markers of renal injury in relation to the mortality rate of cirrhotic patients. 5 Because serum creatinine levels in cirrhotic patients with acute kidney injury usually remain within normal range and increase only after the injury has progressed to a certain degree, other prognostic factors have been studied as potential early markers. However, there are as yet no available results involving the clinical use of biomarkers and their efficacy in treatment.
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A recent study reported that serum cystatin C level was useful marker for predicting the prognosis of cirrhotic patients with ascites. 19 Serum cystatin C was independent factors predicting kidney injury and mortality. Our study showed similar outcomes to the recent study but with all cirrhotic patients, not only patients with ascites. We presented serum cystatin C was independent predictor of kidney injury and mortality for itself, comparing with urine cystatin C and other formulae using serum cystatin C level.
In the present study, both serum creatinine and serum cystatin C concentrations, as measured during hospitalization, were significantly high for the group exhibiting acute kidney injury during the course of the study period. Nonetheless, in the case of creatinine, the averages for the group showing a renal event within the first three months (1.03 mg/dl) and the group showing a renal event within the entire observation period (1.00 mg/dl) both fell within the reference range. Therefore, when using serum creatinine as an early marker for assessing renal injury in cirrhotic patients, a different standard than the clinically used reference range is required. Serum cystatin C, along with the MELD score and the MELD-Na score, proved to be an independent factor relating to the survival rate of cirrhotic patients. Additional research is needed to ascertain precisely how cystatin C affects patient survival rates. Recent studies have suggested its use as a biomarker of chronic inflammation. It has already been reported that serum cystatin C is linked to the mortality rate of patients with heart failure, regardless of objective renal function, 15 and that it yields a higher rate of accuracy than serum creatinine in predicting the mortality rate of diabetic patients. 14 The correlation between urinary cystatin C and the GFR has been reported by Tian et al. 20 Urinary cystatin C, which is strongly basic and has a low molecular weight, is mostly absorbed in the proximal tubule after passing through the glomerular basement membrane, thus resulting in the correlation noted above. 12 There has also been a study proposing a direct relationship with the GFR using urinary cystatin C and the urine creatinine ratio, 21 and
another proposing the increase of initial urinary cystatin C as well as urine cystatin C/creatinine ratio as prognostic factors for acute kidney injury in post-cardiothoracic surgery patients. 22 However, in the present study, urinary cystatin C did not demonstrated a significant difference in patients displaying acute kidney injury. The group that developed renal injuries within the first three months had an average urinary cystatin C level of 11.44 mg/L, while the group that did not show acute kidney injury had an average level of 15.50 ng/mL, thus yielding no significant difference (p=0.3). Likewise, no difference was observed in regard to the assessment of acute kidney injury during the whole observation period. Urinary cystatin C may show a correlation with acute kidney injury when used in cross-sectional GFR calculation or repetitive measurement, but it has no efficacy as a singular prognostic factor and requires repeated follow-ups or large-scale research.
In cirrhotic patients with serum cystatin C concentrations of 1.23 mg/L or higher, there is an increased frequency of acute kidney injury as well as a higher rate of mortality. Therefore, active effort should be devoted to identifying and correcting the causative factors for renal dysfunction in such patients. In conclusion, serum cystatin C has superior diagnostic value than serum creatinine as an early marker for predicting acute kidney injury, and is related to mortality in patients with liver cirrhosis. 
